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There are many types of dielectric cylindrical objects used in 
varieties of industries. These objects include solid rocket propellant, 
synthetic rubber products, carbon black rubber products, plastics, glass, 
and hollow cylinders. Study of the microwave scattering properties of a 
defective cylindrical dielectric once compared with those of a non-
defective one, may provide information about the detection and 
characterization of the defect. It mayaIso be possible to study the 
scattering properties of such objects in order to arrive at a set of 
optimum detection parameters such as frequency and polarization. 
Scattering from dielectric objects in general and dielectric 
cylinders in particular has been the focus of attention by many 
investigators. These approaches have ranged from the approximation of a 
cylinder by an ellipsoid to using the Method-of-Moments (MoM) to solve 
the electric field integrals derived using various schemes [1-7]. In 
these approaches, they have considered either an infinite cylinder, only 
TE- waves, or cylinders with radii much sma11er than the operating 
wavelength. Our problem demands the study of a finite-length cylinder 
for all pOlarizations and incident angles. This problem has been 
addressed by papayiannakis et al. for a thick and finite-length 
dielectric cylinder [8]. This approach was expanded upon by Wu et al. 
and Zoughi et al. to study the scattering properties of a dielectric 
rectangular disk with a center rib, and the interaction between two thin 
and finite dielectric cylinders (multiple reflection) respectively 
[9,10]. The same approach is used here to study the effects of various 
type defects in dielectric cylinders. 
SCATTERING FROM AN ARBITRARILY SHAPED DIELECTRIC OBJECT 
It is assumed that a uniform plane wave with arbitrary polarization 
and incidence angle i11uminates an arbitrarily shaped dielectric object 
with complex relative dielectric constant of Er as shown in Figure 1. 
The incident field induces an equivalent current density, J eq , known as 
the pOlarization current in the object. 
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Fig. 1. A uniform plane wave illuminating an arbitrarily shaped 
dielectric object. 
This current density is given by 
J eq = jOlEO(E r -l)E(r) (1) 
where Ol = 2~f, Eo is the free-space dielectric constant, Er = Er ' - jEr " 
is the complex relative dielectric constant of the object, and E(r) is 
the electric field inside the object. the e1ectric field anywhere in 
space is the superposition of the incident and the scattered fields, thus 
E(r) = Ei (r) + Es(r) (2) 
The superposition of the field is governed by the weIl known Levine-
Schwinger integrodifferential equation 
(3) 
where rand r' are the observation and source points respectively, k is 
the wavenumber, G is the free-space Green's function, v is the object 
volume, and 1 (with the double bars) is the idemfactor. 
A closed form solution for Equation 3 is very difficult to obtain. 
Thus, MoM is used to solve for the unknown scattere d field. The 
procedure for this technique is outlined in reference 8 and will not be 
repeated here. The scattered field is then given by 
(4) 
where R is the distance from the center of the object to the observation 
point, and u is the unit vector form the coordinate origin to the 
observation point. Once the far-field approximation to this field is 
made, the scattering cross-section of the object will be given by [10) 
(5) 
where cr is the scattering cross-section, and p and q are the vertical and 
horizontal polarization states . 
SCATTERING FROM FINITE-RADIUS AND FINITE-LENGTH CYLINDRICAL OBJECTS 
The geometry of the problem is shown in Figure 2. A dielectric 
cylinder is centered at the origin and rests on the Y-axis. If the 
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electric field vector is parallel to the plane constructed by the Z-axis 
and the vector identifying the propagation direction, the incident field 
is vertically polarized. If the electric field is orthogonal to this 
plane, it is horizontally polarized. 
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Fig. 2. Polarization and cylinder geometry with respect to the 
coordinate system. 
RESULTS 
The approach outlined above was used to investigate the scattering 
properties (scattering cross-section) of various defective and non-
defective dielectric cylinders. Figure 3 shows the scattering cross-
section for a cylinder with the following characteristics: radius of 1.2 
cm, length of 12 cm, dielectric constant of 10.7 - jl.7 (e.g. rubber), 
for vertical pOlarization and ~ = 90 ° as a function of the incidence 
angle (theta) for three different frequencies. This shows that the level 
of the scattering increases as frequency increases. Also, there are more 
lobe structures in the scattering pattern as the frequency increases 
which is expected. 
To investigate the properties of tube like objects, a cylinder with 
the inner radius of 0.69 cm was cut out of the above cylinder. Figure 4 
shows the difference in the scattering properties of asolid and a hollow 
(tube) cylinders at 5 GHz. The scattering patterns are similar in shape, 
however, at normal incidence the hollow tube scatters about 3 dB more 
than the solid cylinder. This is due to the fact that there are several 
reflections that occur inside the tube and on ce added, the level of 
scattering increases. At 90 ° the solid cylinder scatters more as the 
physical cross-section of the cylinder is larger than that of the tube. 
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Fig. 3. Scattering properties of a thick and finite-length cylinder for 
three different frequencies . 
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Fig. 4. Scattering properties of a solid and a holl ow cylinder at 5 GHz. 
A disk with radius 0.69 cm and variable length, centered at the 
origin was cut out of the cylinder described in Figure 3. This shows the 
effect of various size voids in the cylinder. The length of this disk 
varied until the cylinder became ho llow (as described in Figure 4). The 
scattering cross-sections for these cases at e = 0°, ~ = 90°, vertical 
pOlarization, and at 5 GHz is shown in Figure 5. The results show that 
there is the impression of some type of resonanc e as a function of the 
void size. This is very important, because swept frequency techniques 
may be used to n ot only detect voids, but also estimate their sizes. 
For the next case a cylinder identical to that describe in Figure 3 
was used, and its center to an inner radius of 0.69 cm was replaced with 
a dielectric similar to that of synthetic rubber (Er = 3.5 - jO.2). The 
scattering properties of this composite cylinder was compared to one with 
the center cylinder made of high density carbon black rubber (Er = 20 -
jl0). Figure 6 shows the results of this comparison at 5 GHz. The 
scattering patterns are very similar, however, at theta of 0° there is 3 
dB difference between the two cases which could be substantial enough for 
detection purposes. Otherwise the two cases are not that much different. 
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Fig. 5. The effect of various void sizes on the cross-section. 
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Fig . 6. Scattering patterns of two different composite cylindrical 
objects. 
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CONCLUSIONS 
The results of this study are quite promising for using scattering 
properties of dielectric cylinders for defect detection and 
characterization. Among parameters that may indicate the presence of a 
defect are; a) scattering cross-section level (particularly at normal 
incidence), scattering pattern as a function of incidence angle, and 
frequency. The latter is quite important as it makes possible the 
characterization of a defect. 
It is important to extend this study to higher microwave frequencies. 
To do so, the size of the impedance matrix (MoM solution) must be made 
smaller. The most efficient way to achieve this is by making this matrix 
symmetrical. This will allow not only extension into higher frequencies, 
but also provides for study of much bigger cylinders. 
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